Purpose: This study aimed to explore the opportunities offered by interactive and situated learning (elearning and m-learning) in support of education for sustainability in disciplines of the built environment. Design/methodology/approach: The paper illustrates the development of an online Portal and a mobile App aimed at promoting students' motivation and engagement with sustainability in design, and discusses the outcomes of their testing, investigating users' acceptance, comparing academic results, and analysing feedback. Findings: The findings add empirical evidence to the view that ICT-enhanced pedagogies can substantially contribute to the agenda of sustainability in higher education, primarily due to their affordance of interactive communication and contextualisation of knowledge, while guaranteeing flexible time and pace of learning.
Introduction
The evidence of climate change, financial and socio-cultural concerns, market demands, and legislative requirements, are all pushing the agenda of sustainability to a central position in curricula of higher education. However, this is still confronted by multi-layered pedagogical challenges (Leal Filho, 2000) . Educators need to tackle the complexities of learners' engagement, negotiating with its several dimensions, and motivating students to apply knowledge of sustainability in their work. Logistical factors and attitudinal approaches also impact upon effective education for, and of, sustainability.
Academics and students often struggle to depart from purely transmissive pedagogical models, where knowledge is delivered independently from its practical exploration .
In disciplines of the built environment, an international enquiry reveals that academic programs are often split in theoretical and applied teaching streams (EDUCATE, 2012a) . Technical knowledge is delivered in ex-cathedra lectures, while the design studio serves as the forum for synthesizing into creative projects the principles acquired in satellite disciplinary domains. At the lectures, students attain the core knowledge that then, in the studio, should inform the design. Frequently, however, lectures are fragmented and detached from synthetic coursework, hindering students from engaging with an integrated pedagogical process (Wright, 2003; Iulo et al., 2013) . Although allegedly delivering the targeted learning outcomes, this naïve conception of knowledge acquisition and application deters the transfer of technical competence into inspired design (Gelernter, 1988) . Conversely, deep learning -and the incentive to search for underlying meanings (Marton and Säljö, 1976 ) -should be enhanced through anchoring principles and values with experience, and establishing an effective dialogue across disciplines based on active engagement to the learning process. This is central to education for sustainability in design due to its inherent multi/inter/trans-disciplinary nature, and the necessity to critically and holistically organize disparate knowledge into a coherent whole (Warburton, 2003) .
To tackle such frailties and promote a comprehensive theoretical (conceptual acquisition), experiential (practical application), and analytic (reflective evaluation) education -while making knowledge-sharing platforms "more accessible for different kinds of audiences" (Leal Filho et al., 2015) -substantive contribution can be offered by Information and Communication Technologies (ICTs) and e-learning, an umbrella term here used to capture tools such as open-source educational systems, massive online open courses, virtual learning environments, etc. (Moore et al., 2011) .
Most higher education institutions nowadays integrate e-learning, at least to some extent, within their pedagogical provisions to enhance teaching, learning, and assessment, and to improve students' satisfaction and outcomes (Gikas and Grant, 2013) . E-learning is also offering a response to some of the challenges that universities are facing, such as the need to widen their geographical boundaries, support distance-based learning, react to pressures on space and staff time, to a more varied student body, and to the demand for more integrated teamwork and collaboration between disciplines.
Several studies have analysed the impact of ICTs on higher education. Students of today, in fact, have grown up with internet and computers, these having likely impacted on their cognitive styles (Thompson, 2013; Herrington and Oliver, 2000) . From a learning perspective, the digital natives (Prensky, 2001 ) -also defined as gamer (Beck and Wade, 2006) or net generation (Tapscott, 1998) - have been deemed to possess a preference for speed, nonlinear processing, multitasking, and social learning, allegedly developed through immersion in digital technologies during childhood and adolescence (Bekebrede et al., 2011) . Evidently, these learning preferences require adequate ways of education, based on flexibility of format and ease of access to knowledge, so as to create engagement with the learning process (Furió et al., 2013) , enhance motivation and satisfaction (Littlejohn et al., 2008) , accommodate multiple learning styles (Kolb, 1984) , provide a context for interaction and decision making (Kebritchi and Hirumi, 2008) , and situate the education on-the-move (Traxler, 2010) .
As with the people-centric Web 2.0, the emphasis of pedagogical processes is shifting towards content creation rather than consumption, and on cooperation rather than regulation (Brown, 2014) .
Based on the analysis of the literature and as part of the European project EDUCATE (Environmental Design in University Curricula and Architectural Training in Europe)
, this study aimed to explore the opportunities offered by interactive and mobile learning in curricula of architecture and related disciplines of the built environment to stimulate participative and reflective learning, enhance situated exploration of knowledge, and encourage reflection on the scope, boundaries, and complementary nature of subject-specific domains, all core elements to an integrated design education informed by the agenda of sustainability. The purpose of this paper is to illustrate the development of an e-learning platform (EDUCATE Portal) and a mobile App (EDUCATE on SITE) and examine the results of their testing, analysing users' acceptance of the services, comparing the academic results obtained by students, and appraising the feedback received. Finally, the paper critically discusses the affordances of interactive and situated learning in support of deep and studentcentred education for sustainability in the design of the built environment.
The EDUCATE Portal
The project EDUCATE (www.educate-sustainability.eu) was set up to promote education for sustainability in curricula of the built environment, involving seven academic partners supported by professional bodies, building practitioners, and experts of education and ICTs. Its objectives were to:
• Analyse pedagogical barriers to the integration of sustainability within creative design;
• Define and test a framework for curriculum development informed by sustainability;
• Propose the harmonisation of higher education and qualification requirements;
• Disseminate know-how to students, educators, professionals, and the public.
In support of these objectives, an interactive e-learning platform -the EDUCATE Portal -was developed to foster the synchronous and asynchronous exchange of knowledge across user groups, reinforcing a holistic approach to education where analytic skills, cross-referencing, and critical thinking facilitate a critical conversation across disciplines. The Portal was designed to provide for a range of functionalities, among which hosting a wide knowledge base on sustainability in design, a discussion forum, subject-specific reading lists, the possibility of asking questions to instructors, consulting frequently asked questions, and enhancing tutor-to-peer and peer-to-peer feedback. The design of the Portal was based on the open-source content management system (CMS) Drupal, consisting of a core system that can be extended by plug-ins. However, since no plug-in (or combination thereof) could support all the functionalities required, the development of new bespoke software was necessary. Given the novelty of the Portal, and the difficult predictability of how the platform would be employed, its configuration incorporated major flexibility to adapt to end-users' expectations. Its structure consisted of four domains: Student Space; Instructor Space; Professional Space; and, Public Space. These domains interacted in a Forum centred on a Knowledge Base.
The Knowledge Base represented the collected expertise of the EDUCATE partners in key concepts of sustainability, structured in three main Parts (Table 1) . Indeed, the literature (e.g., Jones et al., 2010) suggests that a theoretical background is essential to provide users with the ability of translating physical laws in creative design (Issues and Principles). This, however, has to be supported by experiential evidence-based knowledge -for principles to be applied in practice (Applications and Case Studies) -and by analytical instruments -that can facilitate the testing and comparison of hypotheses, and make performance predictions from early design stages (Tools). Each Part was organised in an ontology -subdivided in Categories and Clusters -forming an element of content retrieval. Each Cluster grouped a related set of topics, case studies, and analytical resources. The content was presented in five Tabs, different for each Part, offering complementary levels of analysis. Questions (FAQs). The Discussion supported dialogue between users, so that comments, information, data, links, etc. could be shared. The FAQs responded to the most common enquiries on topics, case studies, and tools. The questions and answers were grouped with the same ontology of the Knowledge Base, for them to be browsed per category of interest. Discussions and FAQs could be tailored to address the needs of specific user groups and, eventually, be made publicly available.
The Student Space was developed to provide several functionalities:
 Search the Knowledge Base. Students at participating institutions were given access to the Knowledge Base to look for contents via a conventional search function based on keywords or performing an advanced search according to Part, Category, and/or Cluster.
 Access Reading Lists. To help students find information, an instructor at a partner institution could generate a Reading List consisting of an ordered, annotated set of links to the Knowledge Base relevant to a module. Each student was able to access all the Reading Lists set up by each of the project partners, so as to foster exchange of methods and contents.
 Ask a question. If students were unable to find a solution to a problem, they were given the possibility to ask a question online to an instructor. The question and the answer could be made visible to other users at the discretion of the instructor, who could decide to transfer them to the FAQs based on their relevance. To allow enquiries to be directed to instructors according to their expertise, each question had to be tagged with Categories and/or Clusters from the Knowledge Base, to be chosen from a drop-down menu. Questions could be accompanied by a file to contextualise the problem.
 Upload work and comment on another student's work. Students could upload their work on the Student Space to receive feedback by instructors and peers, or for assessment. To facilitate these functionalities, students could organise their work in five folders: Private; Request for feedback; Group; Submission; and, Gallery. Formative and summative feedback was given in a text field that allowed the reviewer to insert links and/or images. If the student revised their work based on the comments received and wished to obtain further feedback, they could make a new enquiry. In this case, the student had to indicate the relationship to the previous request and to the comments addressed so as to break the progression of the work into snapshots, with their associated feedback.
The Instructor Space was designed to allow tutors at partner institutions to set up Reading Lists, arrange a discussion area, visualise the progress of their students, provide answers to questions, populate the FAQs, offer feedback to interim and final submission, and evaluate peer-reviewing.
The Professional Space was designed to provide practitioners affiliated with a professional body involved in EDUCATE with access to the Knowledge Base and to Reading Lists specifically set up for continuing professional development. Practitioners could also browse the FAQs, post questions to instructors, and participate to a discussion forum held in national language.
The Public Space was accessible from the EDUCATE website, and included a non-editable version of the Knowledge Base, project outputs, newsletters, a survey on the challenges and opportunities of sustainability in design, and external links.
Further details on the structure and stages of implementation of the EDUCATE Portal, including screenshots of its functionalities, are available in (EDUCATE, 2012b) .
EDUCATE on SITE
The EDUCATE Portal was originally intended to support pedagogical practices in the design studio. However, initial feedback highlighted that increasingly more users utilize mobile devices to search for information and interact with others on-the-move. Hence, a spin-off project -EDUCATE on SITE (SITuated Education) -was set up to analyse user acceptance of a mobile service for the Portal and study if it could afford situated learning, combining theoretical education with experience in-situ.
To select the best approach to optimise access to the Portal from a mobile phone or tablet, constraints of the device and of the CMS were weighed up. Besides connectivity, some of the limitations of mobile devices are their screen size and resolution. Although web content can be optimised for a mobile browser, screen space may be wasted due to navigation elements that are difficult to hide. Another problem with most CMSs is that images are not optimised for mobile browsing. A standard way to adapt images for mobiles' screens is to adjust them via client side scaling (CSS); however, transferring high resolution images requires more bandwidth and can increase connection costs. Also, not all plug-ins are supported on a mobile device, file upload is not available on all operating systems, and the mobile browser may not offer a reliable offline mode (it may or not cache files). Moreover, constraints with the central processing unit and memory should be considered, as well as the available storage. These problems can be solved by an application (App) that can be optimised to the screen size and allow an offline mode. However, different Apps are needed for each operating system (e.g., iOS, Android, Windows Mobile, Symbian), with an interface that might be different to the web version (Altomonte et al., 2012) .
In the case of the EDUCATE Portal, considering the advantage to generate and maintain local cached data, it was decided to design an App, together with optimising access from the device browser. For this proof-of-concept prototype, the need to develop different Apps for each mobile system was not deemed essential, and thus the App was created solely for Android devices. Feedback from users suggested the functionalities to be made available: accessing the Knowledge Base, asking a question, and the consultation of FAQs. The Forum was seen as less relevant (perhaps due to more typing involved), although the demand was sufficient to also consider incorporating this function. In addition, the design of a new location-based service was also included. This would show the user's position on a Google map and identify nearby case studies featured in the Knowledge Base. Clicking on any of these would provide the visualisation of some basic data and a link to the full information available in the Applications and Case Studies. Further details on the design and implementation of the EDUCATE on SITE App are provided in (Altomonte et al., 2012) .
Methods

Testing of the EDUCATE Portal
Throughout the EDUCATE project, the Portal was made accessible to staff and students at To provide an assessment of the efficacy of the Portal in supporting education for sustainability, various indicators have been considered: analysis and comparison of students' results; appraisal of feedback from students; and, collection of responses to a survey.
Among others, the testing involved a first year module offered at a UK University. The module introduced the sustainability agenda as it applies to the built environment, and explored quantitatively and qualitatively the environmental strategies applied in architectural design projects. The module was assessed by coursework completed alongside the delivery of theoretical contents. In the analysis of results, final marks obtained by students in the academic year 2009/10 (i.e., the onset of EDUCATE) were taken as a baseline for comparison. Following the launch of the Portal in 2010/11, students received an account to access the Knowledge Base and post comments on a discussion forum moderated by the module convenor. In 2011/12, students were provided with further interactive functionalities: a Reading List highlighting the topics of the Knowledge Base relevant to the module; a student-managed discussion area to foster peer-learning; and, the possibility to ask questions online.
In terms of user feedback, students' evaluations of the module were collected to gather views on its pedagogical provisions and the challenges and opportunities of online learning, and to obtain openended comments on how to improve the teaching and promote the learning experience.
Finally, to ascertain end-user acceptance of the Portal, a survey was administered to all its users at the end of each stage of testing. The survey presented respondents with several statements, using a 5-point ordered Likert scale ranging from 'strongly agree' (+2) to 'strongly disagree' (-2).
Evaluation of the EDUCATE on SITE App
Following the development of the EDUCATE on SITE App, an evaluation (Trial Run) was set up to analyse its usability compared to accessing the Portal from a mobile device browser. The study also aimed to examine the degree to which the greater flexibility in the use of screen space and interaction allowed by an App could offset its lack of familiarity and the need to learn a new interface. The Trial Run focused specifically on the features related to browsing the Knowledge Base and asking a question. Other functionalities (Map, Forum, and FAQs) were disabled in this study.
Eleven students, six undergraduates and five postgraduates, volunteered to participate to the evaluation. Purposeful sampling was used to recruit the test subjects via an advertisement posted through the students' society. The Trial Run was carried out at a UK University campus that incorporates many features of sustainable design, thus forming an ideal setting for the study.
Volunteers were asked to utilize mobile devices to retrieve information on the buildings on campus from the EDUCATE Portal, both via its web-based version and the EDUCATE on SITE App. Students were given the option to use their own smartphone or tablet, or to borrow one from the organisers with the EDUCATE on SITE App pre-installed. All volunteers were given a practical demonstration on how to access the Portal via the mobile browser and the App, also to allow participants using a lent device to familiarise with its operation. The students were divided in four groups: three with three members, and one with two members. Each group included at least one student equipped with an Android mobile device, so that all students could trial the EDUCATE on SITE App, even if accessing the online version of the Portal. To ensure that all participants engaged with the evaluation, each group was assigned a location on campus and received a task to fulfil by consulting the Knowledge Base from their mobile device. In addition, students were asked to post questions on the Portal related to their task, which were answered in real-time by an Instructor. At the end of the tasks, a survey on mobile access to the Portal was administered to participants (Post-questionnaire), featuring statements presented on a 5-point ordered Likert scale from 'strongly agree' (+2) to 'strongly disagree' (-2).
Statistical Analysis
Different methods have been utilised to measure the indicators considered.
The academic results attained by students were analysed using as benchmark the distribution of marks in the year before the implementation of the EDUCATE Portal (2009/10). These were compared with the two stages of testing by calculating, for each, descriptive statistics (mean, standard deviation, and standard error) and testing the statistical significance and practical relevance of differences. All other variables that could account for changes in academic results have been regarded as controlled and thus masked from the statistical analysis. In fact, the lecturer of the module, the material taught, students' admission requirements, the size of the student group, the briefs for the assignments, and the assessment criteria, were all maintained identical during the three years of testing. The ShapiroWilk test was used to verify whether data were normally distributed. The Kolmogorov-Smirnov (K-S) test quantified the distance between the samples' empirical distribution functions.
To test the hypothesis that the distributions of marks have changed across the three years of testing, a non-parametric Kruskal-Wallis one-way analysis of variance (ANOVA) was used (data were independent and errors were non-normally distributed), followed by post-hoc one-sided MannWhitney-Wilcoxon tests between each sample. Since several tests were performed on the same data, to avoid inflating the overall Type I error, a Bonferroni correction was applied dividing the accepted probability (0.05) by the number of tests (3) (Field and Hole, 2003) . Hence, the tests were considered significant when p<0.016 (i.e., 0.05/3). To quantify the relevance of statistically significant differences, the effect size index was calculated for each influence tested (Cohen, 1994; Schiavon and Altomonte, 2014) . There are indeed limitations with using null hypothesis significance testing as a way of inferring the size (or relative impact) of the differences between samples. The main one is that the p-value depends on the sizes of both the effect and the sample. Conversely, by placing the emphasis on the standardized mean difference between sample groups, and not just on its statistical significance, the effect size shows if the predictor variable has any practical relevance (Ellis, 2010) . Due to the ordinal nature of the data, the effect size was calculated as a group difference index, i.e. the difference between two group outcomes divided by the pooled samples' standard deviation (Kulik and Kulik, 1991) . The interpretation of the results (d-index) derived from (Cohen, 1992) , where benchmarks have been proposed for 'small', 'medium', and 'large' effect sizes (d≥0.20, 0.50, and 0.80, respectively).
To analyse the distribution of responses to the EDUCATE Portal survey, descriptive statistics were calculated, differences in tendencies between the two stages of testing (Field Test vs. Pilot Study) were measured, and statistical significance and practical relevance of differences were tested using the Mann-Whitney-Wilcoxon test and the d-index effect size. The tests were considered statistically significant when p<0.05. Correlation techniques were used to analyse the strength of association between responses, using the non-parametric Spearman rho (ρ) coefficient due to the ordinal character of the variables and their non-normal distribution. Based on (Ferguson, 2009 ), the correlation was considered 'small', 'moderate', and 'strong' for, respectively, ρ≥0.20, 0.50 and 0.80.
Finally, the analysis of the outcomes of the EDUCATE on SITE Post-questionnaire was mainly based on descriptive statistics and qualitative appraisal of feedback, due to a very small sample size.
Statistical significance and effect size of differences between responses were also explored using a Mann-Whitney-Wilcoxon test and the d-index. All analyses were carried out with R software 2.15.1. Table 2 Table 4 gives a summary of the feedback provided by students at the end of the first year of testing (2010/11), in terms of the implementation of the EDUCATE Portal. 
Results
Academic Results and Students' Feedback
Weaknesses and Threats
The layout of the EDUCATE Portal can be complex for users not proficient in environmental science theory There is a strong competition from other internet-based resources (e.g., Google search)
The EDUCATE Portal is not yet largely diffused, thus limiting opportunities for online discussion The EDUCATE Portal can boost professional competence, but it cannot be a total substitute to one-to-one tuition For assessment, printed drawings and physical models cannot be completely replaced by online submissions E-learning needs to be coupled with lectures, self-study, face-to-face tutoring, seminars and workshops If some of the Tools could be used directly on the Portal, its practical benefits would increase Students and staff need time to acquire familiarity with electronic media for a confident application in education For the Portal to be accessed from mobile devices, it would require optimisation of its contents and functionalities
Strengths and Opportunities
The EDUCATE Portal provides an opportunity to contextualise and consolidate knowledge at the user's pace
The Portal enables the sharing of knowledge, peer-learning, online tutoring, and cooperation in design research
The Portal can reduce the need for unnecessary printing, allowing to get instant feedback off tutors and peers
The Knowledge Base is a valid navigation through the theoretical, empiric, and analytic domains of sustainability
The delivery of knowledge in layers of increasing detail (Tabs) makes the Knowledge Base most useful
The varied use of media in the Knowledge Base makes the learning experience more engaging Reading Lists are an interesting way to direct the learning of specific groups of users The Discussion Forum can be an useful tool for networking with other users It would be useful to include in the Portal an online streaming of tutorials or lectures Having an EDUCATE Portal mobile app would be valuable, as many users browse the internet via their mobile
EDUCATE Portal Survey
Out of the 1,973 direct users of the EDUCATE Portal, 405 responded to the online survey (21% of the population). Specifically, 312 users (out of 1,130; 28%) answered the survey at the end of the first stage of testing (Pilot Study) and 93 (out of 843; 11%) responded at the conclusion of the second phase of study (Field Test) , after several new interactive features had been implemented. Table 5 provides a summary of the results under selected statements of the survey. The table reports descriptive statistics (mean, standard deviation, and standard error) of users' votes, separately considering the responses of all users and each of the two stages of testing. Table 5 also provides an analysis of the variations in users' votes tendencies (Δµ) between the Field Test and the Pilot Study, the statistical significance of the differences (p-value), and their effect size (d-index). Test provided a statistically significant increase in satisfaction of medium effect size. Table 6 provides an analysis of the correlation -measured as strength of association (Spearman rho, ρ) -between two 'control' questions and other selected statements of the survey. Spearman rho coefficients are provided for the total results of the survey and for each of the two stages of testing. The correlation analysis detected a strong positive association between the view that e-learning can support education for sustainability in design and the motivation and engagement enhanced by online interactions. Similar results were obtained for the correlation between the intention to continue using the Portal, and the opportunities afforded by interfacing with other user groups. The willingness to keep utilising the Portal was also strongly positively correlated with the potential offered by elearning to support time management and autonomy in learning, and the promotion of interest in sustainable design. In terms of the EDUCATE Knowledge Base, the relevance of its contents and the availability of reading lists were among the reasons for users to continue accessing it. This was evident particularly at the end of the Field Test, where very strong positive correlations were detected between the appropriateness of reading lists, the view that e-learning can support education for sustainability in design, and the intention to keep using the Portal. Finally, among the interactive facilities offered, the possibility of receiving (and providing) immediate online feedback was considered a key feature and the main motivation to keep accessing the Portal. Also in this case, the full implementation of this interactive feature (Field Test) resulted in higher correlation coefficients.
EDUCATE on SITE Evaluation
In the Trial Run, five participants directly used both the EDUCATE on SITE App and the online version of the EDUCATE Portal via the mobile device browser, five accessed the Portal solely by the device browser, and one used only the EDUCATE on SITE App. The results for selected statements of the Post-questionnaire survey are summarised in Table 7 , although caution should be used in all inferences due to the very small and self-selected sample size. Table 7 . Descriptive statistics, null hypothesis significance testing (NHST, one-sided), and effect size for selected statements of the EDUCATE on SITE Post-questionnaire Table 7 also gives an analysis of the variation in mean response (Δµ) between the two main types of user, the statistical significance of the differences (pvalue), and their effect size (d-index). The results suggest that all responses were generally positive (0.33≤µ≤1.82). All students found it useful to connect to the Portal via a mobile device and thought that access to its features on-the-move should be fully implemented. A statistically significant difference between user types could be detected for this last statement, whereas users having accessed the Portal only via the browser expressed a higher agreement (Δµ=0.60; p=0.033; d=1.55, large effect size). This result may be linked to a higher familiarity with the web layout of the Portal compared to the App. Interestingly, the most attractive feature consisted in the possibility of asking questions online, regardless of whether this functionality was accessed via the App or the mobile browser. Table 8 provides descriptive statistics for further statements of the Post-questionnaire addressed specifically to the students that used both the App and the browser (N=5), and to those that uniquely accessed the Portal via its online version (N=5). 
App and Browser access to the EDUCATE Portal Users (N= 5)
Navigation and use of the app was intuitive 0.60 0.89 0.27 The app made good use of the device screen 0.80 1.64 0.50 The functionality of the app was sufficient 0.00 1.41 0.43 The app was useful and I would use it in the future 1.00 0.00 0.00 Browser access only to the EDUCATE Portal Users (N=5) Navigation and use of the mobile version of the EDUCATE Portal was intuitive 1.20 0.45 0.13 The mobile version of the EDUCATE Portal made good use of the device screen 0.80 1.10 0.33 The functionality of the mobile version of the EDUCATE Portal was sufficient 1.00 0.00 0.00 The mobile version of the Portal was useful and I would use it in the future 1.40 0.55 0.17 a µ= mean; SD= standard deviation; SE= standard error Also these results were mostly positive, with the only exception of the statement on the functionality of the App, for which users maintained a neutral position. However, it must be considered that in the Trial Run only the facilities related to browsing the Knowledge Base and asking a question had been activated. The users who directly trialled the EDUCATE on SITE App were sufficiently satisfied about the intuitiveness of its use, and recognised its ability to adjust content to the screen and hide redundant navigation elements to optimise the use of the display. Similarly positive results were obtained for users who only accessed the Portal via the mobile device browser. In this case, users were also likely supported by a higher acquaintance with the Portal's layout and contents, leading to a more explicit satisfaction with its ease of use and operability.
Discussion
Student-centred and Deep Learning
The pervasive influence of the agenda of sustainability offers a framework in which the ability to engage creatively and critically with the interconnectedness of social, economic, and environmental issues can help stimulate curriculum reform, placing a premium upon student-centred and deep learning propensities, and grappling with the intrinsic "range and interconnectedness" of the subject (Warburton, 2003) . Student-centred learning has emerged as a dominant goal to enable students to work within the higher cognitive levels of application, analysis, synthesis, and evaluation (Baeten et al., 2010) , by giving "greater autonomy and control over the choice of subject matter, learning methods and pace of study" (Gibbs, 1992) , and "providing some flexibility in terms of the place, pace, time and content of student learning" (SLICE, 2002) . These definitions imply a requirement for students to take on responsibility and active control over the processes of planning and evaluating their own progress, without relying uniquely on lecturers to spoon feed them (Dowdle, 2006) . This brings significant challenges as to the extent to which educators are able to facilitate deep as opposed to surface (i.e., dictated by a concern to memorise facts without reflection) or strategic (i.e., prioritising the production of work felt to best correspond with the tutor's agenda) learning (Maclellan, 2008) .
The outcomes of the study presented here suggest that ICT-enhanced pedagogies can bring advantages beyond the simple, yet efficient, maintenance of up-to-date course material, also guaranteeing flexible time and pace of learning, integration of different media, and opportunities for live collaboration and feedback. Indeed, the improvements obtained by students following the development of the EDUCATE Portal, and their density distribution progressively peaking towards higher values (Tables 2-3 , and Figure 1 ), present encouraging trends, although these findings need to be considered with caution due to the relative short-term of the analysis performed (only three academic years) and the potential presence of other confounding factors (e.g., characteristics of the students' cohorts). However, the effect size of the improvements detected (d=0.26, 0.32 and 0.54) are in line with those documented in the literature (Kulik and Kulik, 1991) and support the inference that the learning tools implemented may have contributed to raise students' academic performance. This is confirmed by the feedback obtained on the implementation of the EDUCATE Portal in the curriculum ( Table 4 ), suggesting that e-learning can offer an opportunity to contextualise and consolidate, at the users' pace, knowledge acquired from lectures, textbooks or other sources.
However, it is important that the layout of interactive tools is intuitive and engaging so as to facilitate access for learners at various stages of education, and guarantee a large user-base that can increase sharing of knowledge, peer-learning, and cooperation. Certainly, online pedagogical tools cannot be a complete substitution to face-to-face tutoring, but if coupled with experiential learning and supported by a mixture of ex-cathedra delivery, self-study, seminars, and workshops, they can reinforce studentcentred and deep learning, particularly in the domain of sustainable design (Diamond and Irwin, 2013) .
It follows that online learning should be integrated within blended approaches (Bacelar-Nicolau et al., 2009) , where web-based tools are used not only on the front-end of the classroom, but also before and after the lecture, triggering discussion on concepts, and fostering the active participation of students to the construction of contextual knowledge situated "out there" (Alvarez and Rogers, 2006) . Boyle and Ravenscroft (2012) presented an argument for assuming context as the core unit of deep learning, to "encourage the creative study of a learning problem or opportunity" exploiting "the affordances of the technology in order to develop contexts that empower learners to achieve educational goals". Boyle (2002) also stated that context is the "natural base concept for the learning technologist", suggesting that "the central challenge for educational designers is to create contexts that promote effective learning". "Authentic" learning requires that contexts reflect the real world where knowledge and skills can be deployed (Herrington and Oliver, 2000) . These views are significant to the transition from an educational process enhanced by the traditional classroom (or design studio) scenario to activities in the field supported by mobile learning, advocating the engagement of students as active, creative, and reactive agents of the learning process "anytime and anywhere" (Mottiwalla, 2007) . These constructivist approaches are in contrast to behaviourist methods where students go through rigid, pre-defined steps to achieve correct learning (Perkins, 2006) .
Contextual Knowledge and Technology
In this direction, it is interesting that all participants to the EDUCATE on SITE study who trialled the App declared their intention to use it in the future (Table 8) . Also, the view that an App can foster motivation and engagement with learning was fairly shared by all. This was mainly due to its intuitive and concise layout, its ease of navigation, and an optimised use of the screen that made it suitable to access knowledge and interact with others while on-the-move (for example, when on a site visit).
Situated learning should, however, be considered as more than just the contextualisation of a pedagogy based on learning by doing (Cobb and Bowers, 1999) . Lave and Wenger's (1991) concept of situatedness, in fact, is a model of learning in a "community of practice" that involves users being fully participating in generating meaning. Students should learn contents through activities instead of acquiring information in discrete packages organized by instructors -one of the very reasons why volunteers on the EDUCATE on SITE evaluation where assigned group tasks (Langer, 2009 ).
In contrast to traditional cognitive theory -where learners memorise, store, and reproduce contents on demand within formal education contexts -the situated approach perceives learning to be a socially relational process, placing attention on knowledge production rather than passive classroom transmission. Transferring the education into the everyday life of students, in situated learning thinking itself is contextualised and viewed from a perspective of ecological psychology, emphasising perception rather than memory as the means by which learning takes place (Young, 1993; Gibson, 1986) . Situated learning can exploit participative and interactive methods to help learning information, and motivating individuals to acquire and practice skills in a social context (Anderson et al., 1996) .
Motivation, Engagement and Interactive Learning
In any pedagogical process, ensuring that learning is made personally meaningful can help to tap into motivation and gain an understanding of student agency, without which "young people are unlikely to pose [the] significant questions" that effective education demands (Darder et al., 2003) . Given the scale of the sustainability challenge, it may be contended that a robust engagement with its agenda is contingent upon the degree of formal and informal incentive felt by educators and learners. Motivation is the major factor that promotes students to learn, triggering interest in their tasks, making them absorb the teaching more readily and change their values and behaviours (Skinner and Belmont, 1993) . It has been argued that whilst students may be, and often appear, de-motivated, they are not intrinsically un-motivated. The key challenge for educators is thus to enable de-motivated learners to engage and actively participate to the learning process (Biggs and Tang, 2007 ). Yet, teachers need to be wary, since what motivates some students may alienate others (Hidi and Harackiewicz, 2000) .
In this direction, the results of this study support the hypothesis that students' motivation could be enhanced by e-learning and m-learning, ultimately leading to improvement in academic results and, possibly, changes of attitudes (Shephard, 2008; Sutton and Gyuris, 2015) . Analysis of the Portal survey further contributes to interpret users' responses to the pedagogy, whereas the engagement enhanced by online interactions, and the opportunity to promote autonomy in learning, were strongly correlated with the view that e-learning can reinforce education for sustainability in design and with the intention to continue using the Portal. To note that sharing of knowledge, peer-learning, feedback (a strong source of extrinsic motivation, particularly effective if timely provided; Shute, 2007) , and interactive cooperation were among the strengths of the Portal in students' evaluations. Moore (1989) illustrated three types of interaction that can take place with the use of ICTs in education: learner-content, learner-instructor and learner-learner. This study has offered the opportunity to practice all of these. In terms of the first two, the role of the instructor in the EDUCATE Portal and EDUCATE on SITE studies was that of a facilitator -"from sage on the stage to guide on the side" (King, 1993 ) -so as to: engage learners with the assimilation of knowledge (learner-content); guide students through their learning (e.g., via reading lists); but also provide structured scaffolding in project development (learner-instructor). Reflection-in-action (Schon, 1984) was promoted by inviting students to look back to previous work and project forward to imminent tasks, entailing as much anticipative thought and analysis as retrospective review (Grierson, 2004) . This process of documentation and critical reflection was enhanced by recording students' progress via the Portal and by exchanges with other users (learner-learner) (Betrabet-Gulwadi, 2009 ).
In essence, solutions to promote an understanding of the complex, and conceptually composite, nature of motivation and engagement within education for sustainability seem bound to confront traditional modes of teaching and learning to allow knowledge acquisition and application to be more closely synchronised. Contrary to the traditional mainstay of academic pedagogies -the teacher as the central figure that delivers education -students should build a knowledge network relating the principles acquired to real experience. As illustrated by this study, a responsive and interactive -rather than merely transmissive -approach to education, when supported by tailored e-learning and mlearning pedagogical methods and tools, holds the potential to engage in student-centred and deep learning, stimulating a flexible and immersive exploration of situated knowledge. In addition, social learning tools can afford interactions among agents of the learning process (learners and instructors), virtually connecting individuals within an online community of practice (Halverson, 2009 ).
Conclusion, Limitations and Further Research
The agenda of sustainability is strongly impacting upon curricula of higher education, requiring a shift in teaching and learning practices. Interactive and situated pedagogical methods and tools, such as the EDUCATE Portal and the EDUCATE on SITE App, have the potential to stimulate curriculum reform towards educational models that enrich the learning experience with a flexible and immersive acquisition and application of knowledge. To support education for sustainability, pedagogical processes need to evolve beyond simply a review of their contents. At times, this should involve engaging with knowledge and other individuals (instructors and peers) in traditional lectures or studio activities and, at times, interacting in e-learning or m-learning environments. This should force disciplines of the built environment to confront their traditional compartmentalisation of knowledge, and -by enabling teaching and learning to take place outside the physical boundaries of the academic setting -stimulate critical reflection, motivation, student-centred and deep learning, participatory development of critical analysis, synthesis, and creative problem-solving skills, all paramount to provide the multi/inter/trans-disciplinary responses necessary to tackle contemporary challenges.
In this direction, this study adds empirical evidence to the following findings:
 Interactive and situated learning can provide a relevant contribution to improve students' academic results in sustainable design;  ICTs-enhanced education can foster time management, independence, and responsibility in learning, offering opportunities for interaction between users;  Online learning is valued by students primarily as a way to enhance communication and feedback, other than to access knowledge and course material at the learners' pace;  The layout and interface of e-learning and m-learning tools need to be intuitive and engaging to appeal users and expand networking opportunities;  Online learning cannot represent a total substitute to face-to-face tuition but needs to be blended with experiential educational methods;  Students and educators require training and time to acquire familiarity with electronic media for their confident integration in higher education.
In embracing these findings, teachers and curriculum designers are tasked to prompt a departure from institutionally-framed educational models that disconnect the contexts in which skills are attained and practiced, and reinforce participatory engagement with the learning process. If properly integrated in the education, and supported by adequate guidance for both teachers and learners, interactive and situated learning can enhance the shift from pure instructor-centred, classroom-based, pedagogies towards learner-centred contextualised educational settings that can provide versatility of access to knowledge independently of time and place, and offer methods of communication that can enhance the educational experience. In so doing, the design of pedagogical practices needs to be based on the requirement to set engaging and real tasks for the learners, making appropriate and effective use of varied media, yet leaving to students a level of control of their own learning (even if with suitable scaffolding support) while providing constructive and timely feedback on progress. Technology is an important influence in students' lives, but it is one among many, and educators are charged with the responsibility to help students navigate successfully through its benefits and limitations.
In contextualising the findings of this study, it must be considered that the results were constrained by an exclusive focus on the development and testing of interactive and situated pedagogical tools aiming to promote students' motivation and engagement with the agenda of sustainability in the design of the built environment. The tools trialled were mostly at their prototypical stage, with relatively limited functionality, and their testing was centred solely on the analysis of whether learners acquire knowledge in the short-term to be swiftly practiced in design coursework. In addition, demographic information of participants (e.g., age, gender, etc.) was not consistently recorded and was thus excluded from the analysis. Future research will need to consider collecting such data for a more thorough correlation of responses. Further testing should also include a larger user-base whose learning outcomes should be compared against a control group taught by traditional pedagogical methods. Finally, the analysis should also look into the long-term effects of integrating elearning and m-learning in higher education pedagogies.
